New acetylenic nematicidal compound, penipratynolene (1), methy (2 0 R)-4-(2 0 -hydroxy-3 0 -butynoxy)benzoate, together with two known compounds, 6-methoxycarbonylpicolinic acid (2) and 2,6-pyridinedicarboxylic acid (3), were isolated from the culture filtrate of Penicillium bilaiae Chalabuda. The structures of 1-3 were established by spectroscopic methods. The absolute configuration of 1 was confirmed by using a modified version of Mosher's method. Compounds 1-3 showed nematicidal activity of 77%, 52%, and 98%, respectively, by a bioassay at 300 mg/l with the rootlesion nematode Pratylenchus penetrans.
We have previously investigated such fungal metabolites as aspyrone, 1) peniprequinolone, 2) penigequinolones 2) and 3-methoxy-4,6-dihydroxy-4-(4 0 -methoxyphenyl)quinolinone, 2) -dehydrocurvularin and related curvularines 3) for their potential as nematicides against the root-lesion nematode Pratylenchus penetrans, which is a parasite of many crop plants and causes root necrosis. [4] [5] [6] [7] Our screening program for novel naturally occurring nematicides led to the investigation of the metabolites of Penicilium bilaiae Chalabuda. These studies led to the isolation, structural determination, and biological activity evaluation of 1-3.
P. bilaiae was cultured in a malt extract medium (40 l) at 25 C for 23 days without shaking. The culture broth was filtered to separate the mycelium, and the filtrate adjusted to pH 2.0 with a 2 N HCl solution. The filtrate was successively extracted with EtOAc and evaporated to dryness under reduced pressure. The resulting residue (36.2 g) was first fractionated by column chromatography on silica gel with mixtures of n-hexane and acetone.
1) The fraction eluted with 40% acetone in n-hexane (1.78 g) was further fractionated on silica gel with mixtures of n-hexane and EtOAc. The active fraction, obtained with 15% EtOAc in n-hexane (0.12 g), was purified by preparative TLC developed with benzeneEtOAc (6:4) and recrystallized from benzene to afford 1 (14 mg).
2) The fraction eluted with 50% acetone in n-hexane (13.60 g) was fractionated on silica gel with mixtures of n-hexane and EtOAc. The fraction eluted with 35% EtOAc in n-hexane (0.41 g) was further fractionated on silica gel with mixtures of benzene and acetone. The active fraction, obtained with 5% acetone (40 mg), was recrystallized from benzene to afford 2 (15 mg).
3) The fraction eluted with 90% acetone in n-hexane (2.12 g) was fractionated on silica gel with mixtures of CHCl 3 and MeOH. The active fraction, obtained with 5% MeOH in CHCl 3 (232 mg), was recrystallized from CHCl 3 to afford 3 (15 mg).
The physicochemical properties of penipratynolene (1) H-NMR spectra of 1 indicated the presence of one methoxy, one O-substituted aliphatic methylene, one O-substituted aliphatic methine, and one 1,4-di-substituted phenyl group. In the 13 C-1 H COLOC spectrum of 1, a cross peak between the methoxy proton signal at 3.84 ppm and the carbonyl carbon was observed, and this carbonyl carbon had a cross peak with 2-H. The partial structure corresponding to C-1 0 to C-4 0 was derived from their coupling constants in the 1 H-NMR spectrum, and NOE between 1 0 -H and 3-H was observed. Thus, the planar structure of 1 was established as shown in Fig. 1 .
The absolute stereochemistry of C-2 0 was determined by using a modification of Mosher's method. Positive Á values ( S -R ) in the 1 H NMR spectra were observed for 2 0 and 4 0 -H, while negative Á values were located at 1 0 , 2, 3 and 6-H (Fig. 2) . These results revealed the absolute configuration of C-2 0 to be R. 6-Methoxycarbonylpicolinic acid (2) and 2,6-pyridinedicarboxylic acid (3) were identified by comparing their physicochemical properties with those reported (Fig. 1) . [9] [10] [11] In addition, methylation of 2 and 3 with diazomethane gave the same dimethyl-2,6-pyridinedicarboxylate (4) .
The nematicidal activities of 1-4 against the rootlesion nematode, P. penetrans are shown in Fig. 3 and Table 1 . Compounds 1-3 promoted nematicidal activity proportional to its concentration from 1 mg/l to 1000 mg/l, but 4 showed weak nematicidal activity. Compounds 1, 2, 3 and 4 had nematicidal activities against P. penetrans of 77%, 52%, 98% and 36% at a concentration of 300 mg/l, respectively. In addition, 1 and 3 had more effective nematicidal activities than that of aspyrone as a positive control. [1] [2] [3] The nematicidal activities of 2-4 suggested that the carboxy groups in the molecule played an important role in this activity. The presence of acetylenic carbons may play an important role in nematicidal activity of 1, since many naturally occurring acetylene compounds are known as nematicidal substances. 
